
10 1 feed

T o t a l  f l o w kg/hr 71,977               

inso lub le so l ids % 52.1%

so lub le  so l ids % 0 .0 %

temp. oC 2 0                     

pressure a tm 1.0 0                  

vapor  f rac t ion -                   

e thanol kg/hr -                   

water kg/hr 34,477             

g lucose (ss) kg/hr -                   

xy lose (ss) kg/hr -                   

arabinose (ss) kg/hr -                   

o ther  sugars (ss) kg/hr -                   

ce l lob iose (ss) kg/hr -                   

g lucose o l igomers (ss) kg/hr -                   

xyo lose o l igomers (ss) kg/hr -                   

o ther  o l igomers (ss) kg/hr -                   

CSL (ss) kg/hr -                   

(NH4)2SO4 (ss ) kg/hr -                   

NH4 acetate (ss) kg/hr -                   

Others (so luble sol ids) kg/hr 11                       

Acet ic  Ac id kg/hr -                   

Sulfuric A cid kg/hr -                   

Furfural kg/hr -                   

HM F kg/hr -                   

Ca rbon  D iox i de kg/hr -                   

M ethane kg/hr -                   

Oxygen kg/hr -                   

N i t rogen kg/hr -                   

Ammonia kg/hr -                   

N H 4  O H kg/hr -                   

Others kg/hr -                   

Cel lulose ( is) kg/hr 17,0 18               

Xylan ( is) kg/hr 8 ,9 4 6               

A r abinan (is) kg/hr 750                   

Other Sugar Polymers ( is) kg/hr 4 16                   

Cellulase (is) kg/hr -                   

B iomass ( is ) kg/hr -                   

Zymo. ( is) kg/hr -                   

Lignin (is) kg/hr 6 ,9 4 8               

Gypsum ( is) kg/hr -                   

Ca(OH)2 ( is) kg/hr -                   

Others ( is) kg/hr 3 ,4 12                

Average Densi ty g /ml 1.2 6 4                



10 1 feed 2 11 e v a p .  c o n d . 2 12  su l fu r i c

2 14  su l f u r i c  &  

c o n d . 2 15 LP steam 2 16  HP steam

2 17 p r e t r e a t e d  

feed

52 0  t o  W W  

t reatment 2 2 0  t o  d e t o x

T o t a l  f l o w k g / h r 71,977               2 3 ,3 10             4 14                   2 3 ,72 5             7,6 2 2               18 ,19 1               12 1,514             2 0 ,0 2 1             10 1,4 9 3            

inso l u b l e  s o l i d s % 52 .1% 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 2 1.8 % 0 .0 % 2 6 .0 %

s o l u b l e  s o l i d s % 0 .0 % 0 .3 % 0 .0 % 0 .3 % 0 .0 % 0 .0 % 8 .8 % 0 .1% 10 .5%

t e m p . o C 2 0                     73                     2 0                     73                     170                    2 6 5                   19 0                   9 9                     10 1                    

p ressu re a t m 1.0 0                  3 .0 0                 3 .4 0                 4 .0 0                 4 .4 2                 13 .0 0                12 .2 1                 1.0 0                  1.0 0                  

vap o r  f r a c t i o n -                   -                   -                   -                   1.0 0                  1.0 0                  -                   1.0 0                  -                   

ethano l k g / h r -                   2 2                     -                   2 2                     -                   -                   2 2                     16                      5                        

w at er k g / h r 3 4 ,4 77             2 3 ,0 8 0            -                   2 3 ,0 8 0            7,6 2 2               18 ,19 1               8 2 ,3 75             19 ,4 72              6 2 ,9 0 2            

g luco s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   1,2 2 9                -                   1,2 2 9                

xy lose  ( ss ) k g / h r -                   -                   -                   -                   -                   -                   7,6 2 4               -                   7,6 2 4               

arab ino s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   6 3 9                  -                   6 3 9                  

o t her  sugars  (ss ) k g / h r -                   -                   -                   -                   -                   -                   3 4 7                   -                   3 4 7                   

cel lo b i o s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   12 6                   -                   12 6                   

g luco s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   14 0                   -                   14 0                   

x y o l o s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   4 8 5                   -                   4 8 5                   

o t he r  o l i gomers  ( ss ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

CSL  ( ss ) k g / h r -                   6 4                     -                   6 4                     -                   -                   6 4                     15                      4 9                     

( N H4 ) 2 S O 4  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

N H 4  a c e t a t e  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

O t h e r s  ( s o l u b l e  s o l i d s ) k g / h r 11                       -                   -                   -                   -                   -                   11                       -                   11                       

A c e t i c  A c i d k g / h r -                   4 8                     -                   4 8                     -                   -                   8 3 9                  53                     78 6                   

Su l fu r ic  A c i d k g / h r -                   -                   4 14                   4 14                   -                   -                   4 14                   -                   4 14                   

Fur fu ra l k g / h r -                   8 5                     -                   8 5                     -                   -                   70 5                   4 3 3                  2 72                   

HM F k g / h r -                   6                       -                   6                       -                   -                   4 9                     3 0                     19                      

C a r b o n  D i o x i d e k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

M ethane k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

Oxygen k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

N i t r o g e n k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

A m m o n i a k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

N H 4  O H k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

O the rs k g / h r -                   6                       -                   6                       -                   -                   6                       1                        5                        

C el lulose  ( i s ) k g / h r 17,0 18               -                   -                   -                   -                   -                   15,673              -                   15,674              

Xy lan  ( i s ) k g / h r 8 ,9 4 6               -                   -                   -                   -                   -                   4 4 7                   -                   4 4 7                   

A r ab inan ( is ) k g / h r 750                   -                   -                   -                   -                   -                   3 7                     -                   3 7                     

O the r  Sugar  Po lymers  ( i s ) k g / h r 4 16                   -                   -                   -                   -                   -                   2 1                      -                   2 1                      

C el lu lase ( is) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

B iomass  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

Z y m o . ( is) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

Lig n in  ( is ) k g / h r 6 ,9 4 8               -                   -                   -                   -                   -                   6 ,9 4 8               -                   6 ,9 4 8               

Gypsum ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

C a (OH)2  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   

O the rs  ( i s ) k g / h r 3 ,4 12                -                   -                   -                   -                   -                   3 ,3 12                -                   3 ,3 12                

A v e r a g e  D e n s i t y g / m l 1.2 6 4                0 .9 4 6               3 .10 2                0 .9 51                0 .0 0 2               0 .0 0 5               1.0 2 1                 0 .0 2 4               1.14 0                 



2 19 recycle 

w ater

2 2 0  p r etreated 

hydrolyzate 225 so l ids 240 l iqu id

2 4 2  

ammonia

2 4 3  evap . 

cond .

245 evap. 

cond .

2 4 6  p o s t  I X  

liquid

2 4 7  t o  W W  

treatment

2 3 0  d etox i f ied 

liquid

2 50 mix 

cellulose & hemi

3 0 3  p r e-hydrolyzate 

to ferm. seed pdctn

4 0 3  p r e-hydrolyzate 

t o  c ellulase seed 

p d c t n

4 10 pre-hydrolyzate 

t o  c ellulase pdctn

3 0 2  p r e-hydrolyzate 

to enzymatic 

hydrolysis

To ta l  f l ow kg/hr 6 2 ,8 4 5          10 1,4 9 3            6 6 ,18 1     9 8 ,157        3 11            18 ,0 0 5      13 ,9 6 0      10 0 ,8 0 2       2 9 ,6 3 2         10 1,6 14             16 7,79 5            15,9 3 7                        3 16                             6 ,0 0 7                         14 5,53 6                      

insoluble sol ids % 0 .2 % 2 6 .0 % 4 0 .0 % 0 .1% 0 .0 % 0 .0 % 0 .0 % 0 .1% 0 .0 % 0 .0 % 15.8 % 15.8 % 15.6 % 15.8 % 15.8 %

soluble sol ids % 1.0% 10 .5% 4 .9 % 8 .2 % 0 .0 % 0 .0 % 0 .3 % 8 .0 % 4 .1% 7.9 % 6 .8 % 6 .8 % 6 .7% 6 .7% 6 .8 %

t emp . oC 4 7                  10 1                    75             4 0               2 0             73              73              4 0                 4 0                 51                      59                     59                               59                               59                               59                               

pressure at m 1.00               1.00                  1.00         1.00            17.0 0        3 .0 0          3 .0 0          3 .0 0              3 .0 0              1.00                  1.00                  1.00                            1.00                            1.00                            1.00                            

vapor  f ract ion -                -                   -          -             -           -            -            -                -                -                   -                   -                             -                             -                             -                             

ethanol kg/hr 9                    5                        4              10                -           -            13              2 3                 -                2 3                     2 7                     3                                 -                             1                                  2 4                               

w ater kg/hr 6 1,0 8 2          6 2 ,9 0 2            3 5,755     8 8 ,2 3 0      -           18 ,0 0 5      13 ,8 2 1       9 1,676          2 8 ,3 53         9 2 ,6 3 7             12 8 ,3 9 1            12 ,19 4                        2 4 2                            4 ,597                          111,360                       

glucose (ss) kg/hr -                1,229                3 55          8 75             -           -            -            8 75                -                8 73                   1,227                117                               2                                 4 4                               1,064                          

xylose (ss) kg/hr 6 4                  7,6 2 4               2 ,2 17       5,4 71           -           -            -            5,4 71             -                5,4 59                7,6 76                72 9                             15                                2 75                             6 ,6 58                         

arabinose (ss) kg/hr 10 4                6 3 9                  2 14          52 8             -           -            -            52 8               -                52 7                   74 1                    70                               1                                  2 7                               6 4 3                            

o t her sugars (ss) kg/hr 56                  3 4 7                   116           2 8 7             -           -            -            2 8 7               -                2 8 6                  4 0 2                  3 8                               1                                  15                                3 4 9                            

cel lobiose (ss) kg/hr 2 9                  12 6                   4 5            110              -           -            -            110                 -                110                    154                    15                                0                                 5                                  13 4                             

glucose ol igomers (ss) kg/hr 2 19                14 0                   10 4          2 55             -           -            -            2 55                -                2 55                   3 58                   3 4                               1                                  13                                3 11                              

xyolose ol igomers (ss) kg/hr 9 4                  4 8 5                   16 7           4 12             -           -            -            4 12                -                4 11                    578                   55                                1                                  2 1                                50 1                              

o t her ol igomers (ss) kg/hr -                -                   -          -             -           -            -            -                -                -                   -                   -                             -                             -                             -                             

CSL (ss) kg/hr 9 1                   4 9                     4 1             10 0             -           -            3 9             13 9                -                13 8                   179                    17                                0                                 6                                 155                              

(NH4)2SO4 (ss) kg/hr -                -                   -          -             -           -            -            -                4 17                -                   -                   -                             -                             -                             -                             

NH4 acetate (ss) kg/hr -                -                   -          -             -           -            -            -                8 0 4               -                   -                   -                             -                             -                             -                             

Others (soluble sol ids) kg/hr 1                     11                       4              9                 -           -            -            9                    -                9                       13                      1                                  -                             0                                 11                                 

Acet ic  Acid kg/hr 152                 78 6                   2 70          6 6 7             -           -            2 9             70                  -                6 9                     3 4 0                  3 2                               1                                  12                                2 9 5                             

Sulfuric Acid kg/hr 2 0                  4 14                   12 6          3 10             -           -            -            -                -                -                   12 6                   12                                0                                 4                                 10 9                             

Furfural kg/hr 2 9 0               2 72                   16 2          4 0 0            -           -            51               4 51                -                4 50                   6 12                   58                               1                                  2 2                               53 1                              

HM F kg/hr 2 0                  19                      11              2 7               -           -            4                3 1                  -                3 1                      4 2                     4                                 -                             1                                  3 7                               

C arbon Diox ide kg/hr -                -                   -          -             -           -            -            -                -                -                   -                   -                             -                             -                             -                             

M ethane kg/hr -                -                   -          -             -           -            -            -                -                -                   -                   -                             -                             -                             -                             

Oxygen kg/hr -                -                   -          -             -           -            -            -                -                -                   -                   -                             -                             -                             -                             

N i t rogen kg/hr -                -                   -          -             -           -            -            -                -                -                   -                   -                             -                             -                             -                             

Ammonia kg/hr 5                     -                   1               4                 3 11            -            -            -                4                    -                   1                        -                             -                             -                             1                                  

NH4 OH kg/hr -                -                   -          -             -           -            -            -                54                  -                   -                   -                             -                             -                             -                             

Others kg/hr 4 57                5                        13 3          3 2 9            -           -            4                3 3 3               -                3 3 2                  4 6 6                  4 4                               1                                  17                                4 0 4                            

C ellulose (is) kg/hr 7                     15,6 74              15,6 0 2     78               -           -            -            78                  -                0                       15,6 0 3              1,482                          2 9                               559                             13 ,53 3                        

Xylan (is) kg/hr 2                    4 4 7                   4 4 7          2                 -           -            -            2                    -                -                   4 4 7                   4 2                               1                                  16                                3 8 8                            

A r abinan (is) kg/hr -                3 7                     3 7            -             -           -            -            -                -                -                   3 7                     4                                 -                             1                                  3 2                               

Other Sugar Polymers (is) kg/hr -                2 1                      2 1             -             -           -            -            -                -                -                   2 1                      2                                 -                             1                                  18                                

C ellulase (is) kg/hr 3 0                  -                   3 0            -             -           -            -            -                -                -                   3 0                     3                                 -                             1                                  2 6                               

Biomass ( is) kg/hr 12                   -                   12             -             -           -            -            -                -                -                   12                      1                                  -                             0                                 11                                 

Zymo. (is) kg/hr 57                   -                   56            0                 -           -            -            0                    -                -                   56                     5                                  -                             2                                 4 9                               

Lignin (is) kg/hr 2 9                  6 ,9 4 8               6 ,9 4 2      3 5               -           -            -            3 5                  -                -                   6 ,9 4 2               6 59                             13                                2 4 8                            6 ,0 2 1                          

Gypsum (is) kg/hr -                -                   -          -             -           -            -            -                -                -                   4                       0                                 -                             -                             3                                 

C a(OH)2 (is) kg/hr -                -                   -          -             -           -            -            -                -                4                       -                   -                             -                             -                             -                             

Others (is) kg/hr 14                   3 ,3 12                3 ,3 10       17                -           -            -            17                   -                -                   3 ,3 10                3 15                              6                                 118                              2 ,8 71                          

Average Density g/ml 0 .9 78            1.14 0                 1.229       1.014           0 .6 10        0 .9 4 5        0 .9 4 6       1.013             0 .9 2 9           1.001                 1.090                1.090                          1.090                          1.090                          1.090                          



246  pos t  IX  

liquid 2 2 7 lime

2 3 5 sulfuric 

acid

233 sulfuric 

acid 2 3 7 LP steam

2 3 9  p o s t  

overliming

229 gypsum 

sol ids

2 3 0  d etoxi f ied 

liquid

Tota l  f low kg/hr 10 0 ,8 0 2           3 3 7                   3 0 2                  14 4                   1,16 7                 10 2 ,752            1,13 7                 10 1,614             

insoluble solids % 0.1% 10 0 .0 % 0.0% 0.0% 0.0% 0.9% 8 0 .0 % 0.0%

soluble sol ids % 8.0% 0.0% 0.0% 0.0% 0.0% 7.9% 1.6 % 7.9%

t emp. oC 4 0                     2 0                     2 0                     2 0                     170                    51                      51                      51                      

pressure at m 3.00                 1.0 0                  3 .40                 3 .40                 4 .42                 1.0 0                  1.0 0                  1.0 0                  

vapor  f rac t ion -                   -                   -                   -                   1.0 0                  -                   -                   -                   

et hano l kg/hr 2 3                     -                   -                   -                   -                   2 3                     -                   2 3                     

w at er kg/hr 9 1,676              -                   -                   -                   1,16 7                 9 2 ,8 4 4            2 0 7                   9 2 ,6 3 7             

glucose (ss) kg/hr 875                   -                   -                   -                   -                   875                   2                       873                   

xylose (ss) kg/hr 5,471                 -                   -                   -                   -                   5,471                 12                      5,459                

arabinose (ss) kg/hr 528                   -                   -                   -                   -                   528                   1                        527                   

o t her sugars (ss) kg/hr 2 8 7                   -                   -                   -                   -                   2 8 7                   0                       2 8 6                  

cellobiose (ss) kg/hr 110                    -                   -                   -                   -                   110                    0                       110                    

glucose oligomers (ss) kg/hr 255                   -                   -                   -                   -                   255                   0                       255                   

xyolose oligomers (ss) kg/hr 4 12                   -                   -                   -                   -                   4 12                   1                        4 11                    

o t her oligomers (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

CSL (ss) kg/hr 13 9                   -                   -                   -                   -                   13 9                   0                       13 8                   

(NH4)2SO4 (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

N H4 acetate (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Others (soluble solids) kg/hr 9                       -                   -                   -                   -                   9                       -                   9                       

Acetic Acid kg/hr 70                     -                   -                   -                   -                   70                     -                   6 9                     

Sulfuric Acid kg/hr -                   -                   3 0 2                  14 4                   -                   -                   -                   -                   

Furfural kg/hr 451                    -                   -                   -                   -                   451                    1                        450                   

HM F kg/hr 3 1                      -                   -                   -                   -                   3 1                      -                   3 1                      

C arbon Dioxide kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

M et hane kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Oxygen kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Ni t rogen kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

A mmonia kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

N H4 OH kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Others kg/hr 3 3 3                  -                   -                   -                   -                   3 3 3                  1                        3 3 2                  

C ellulose (is) kg/hr 78                     -                   -                   -                   -                   78                     78                     0                       

Xylan (is) kg/hr 2                       -                   -                   -                   -                   2                       2                       -                   

Arabinan (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Other Sugar Polymers (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

C ellulase (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

B iomass (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Zymo. (is) kg/hr 0                       -                   -                   -                   -                   0                       0                       -                   

Lignin (is) kg/hr 3 5                     -                   -                   -                   -                   3 5                     3 5                     -                   

Gypsum (is) kg/hr -                   -                   -                   -                   -                   782                   778                   -                   

C a(OH)2 (is) kg/hr -                   3 3 7                   -                   -                   -                   -                   -                   4                       

Others (is) kg/hr 17                      -                   -                   -                   -                   17                      17                      -                   

Average Density g/ml 1.0 13                 2 .343               3.10 2                3.10 2                0 .002               1.0 11                  1.9 3 5                1.0 0 1                 



3 0 3  p r e-

hydrolyzate 

f rom detox. 3 10 ammonia

905 process 

w ater 3 10A  CSL

4 2 1 f rom 

cellulase pdctn

seed  

product ion 

b r o t h

304c exhaust 

g as to 

scrubber

3 0 4  t o  

f ermentation

To ta l  f l ow kg/hr 15,9 3 7              4                       0                       2 70                   1,78 4                17,9 9 5              4 6 6                  17,52 9              

insoluble sol ids % 15.8 % 0 .0 % 0 .0 % 0 .0 % 5.2 % 13 .0 % 0 .0 % 13 .4 %

soluble sol ids % 6 .8 % 0 .0 % 0 .0 % 10 0 .0 % 1.8% 3 .5% 0 .0 % 3 .6 %

t emp . oC 59                     3 5                     -                   3 5                     2 8                     -                   3 0                     3 0                     

pressure at m 1.00                  1.00                  -                   1.00                  1.66                  -                   1.00                  1.00                  

vapor  f ract ion -                   1.00                  -                   -                   -                   -                   1.00                  -                   

ethanol kg/hr 3                       -                   -                   -                   -                   4 9 5                   4                       4 9 0                  

w ater kg/hr 12 ,19 4              -                   -                   -                   1,623                13 ,78 9              8                       13 ,78 1               

glucose (ss) kg/hr 117                     -                   -                   -                   -                   2 9                     -                   2 9                     

xylose (ss) kg/hr 72 9                   -                   -                   -                   -                   73                     -                   73                     

arabinose (ss) kg/hr 70                     -                   -                   -                   -                   70                     -                   70                     

o t her sugars (ss) kg/hr 3 8                     -                   -                   -                   -                   3 8                     -                   3 8                     

cel lobiose (ss) kg/hr 15                      -                   -                   -                   1                        16                      -                   16                      

glucose ol igomers (ss) kg/hr 3 4                     -                   -                   -                   6                       4 0                     -                   4 0                     

xyolose ol igomers (ss) kg/hr 55                      -                   -                   -                   4                       59                     -                   59                     

o t her ol igomers (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

CSL (ss) kg/hr 17                      -                   -                   2 70                   2 0                     3 0 6                  -                   3 0 6                  

(NH4)2SO4 (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

NH4 acetate (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Others (soluble sol ids) kg/hr 1                        -                   -                   -                   -                   1                        -                   1                        

Acet ic  Acid kg/hr 3 2                     -                   -                   -                   4                       54                     -                   54                     

Sulfuric Acid kg/hr 12                      -                   -                   -                   1                        13                      -                   13                      

Furfural kg/hr 58                     -                   -                   -                   3                       6 2                     0                       6 1                      

HM F kg/hr 4                       -                   -                   -                   0                       4                       -                   4                       

C arbon Diox ide kg/hr -                   -                   -                   -                   -                   4 6 5                   4 4 5                   2 0                     

M ethane kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Oxygen kg/hr -                   -                   -                   -                   -                   9                       9                       -                   

N i t rogen kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Ammonia kg/hr -                   4                       -                   -                   -                   -                   -                   -                   

NH4 OH kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Others kg/hr 4 4                     -                   -                   -                   2 8                     13 0                   -                   13 0                   

C ellulose (is) kg/hr 1,482                -                   -                   -                   -                   1,18 5                 -                   1,18 5                 

Xylan (is) kg/hr 4 2                     -                   -                   -                   2                       4 5                     -                   4 5                     

A r abinan (is) kg/hr 4                       -                   -                   -                   -                   4                       -                   4                       

Other Sugar Polymers (is) kg/hr 2                       -                   -                   -                   -                   2                       -                   2                       

C ellulase (is) kg/hr 3                       -                   -                   -                   2 6                     2 9                     -                   2 9                     

Biomass ( is) kg/hr 1                        -                   -                   -                   10                      12                      -                   12                      

Zymo. (is) kg/hr 5                        -                   -                   -                   1                        3 9                     -                   3 9                     

Lignin (is) kg/hr 6 59                   -                   -                   -                   3 6                     6 9 5                   -                   6 9 5                   

Gypsum (is) kg/hr 0                       -                   -                   -                   -                   0                       -                   0                       

C a(OH)2 (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   

Others (is) kg/hr 3 15                    -                   -                   -                   17                      3 3 1                   -                   3 3 1                   

Average Density g/ml 1.090                0 .0 0 1                -                   0 .9 8 4               1.025                -                   0 .0 0 2               1.073                



 3 0 2  

hydrolysate 

 3 0 4  i noculum 

from ferm. seed 

p d c t n  3 11A CSL  3 11 ammo nia 

 f ermentation 

b ro th  

compost ion %

 3 0 8  v ent  t o  

scrubber 

 3 0 6  t o  b e er 

w ell %

551 scrubber 

bo t toms

 50 2  t o  b eer 

s t ipper  %

Tota l  f low kg/hr 157,13 6             17,52 9              4 3 8                  71                      175,175              10 0 % 8 ,2 6 4               16 6 ,9 11             10 0 % 6 ,8 2 7               173 ,73 7            10 0 %

insoluble sol ids % 8 .1% 13 .4 % 0 .0 % 0 .0 % 7.7% 0 .0 % 8 .4 % 0 .0 % 8 .0 %

soluble sol ids % 13 .3 % 3 .6 % 10 0 .0 % 0 .0 % 13 .4 % 0 .0 % 3 .6 % 0 .0 % 3 .5%

t emp . oC 50                     3 0                     3 5                     3 5                     3 0                     3 0                     3 0                     3 0                     3 0                     

pressure at m 1.00                  1.00                  1.00                  1.00                  1.00                  1.00                  1.00                  0 .9 0                 0 .9 0                 

vapor  f ract ion -                   -                   -                   1.00                  -                   1.00                  -                   -                   -                   

ethanol kg/hr 2 4                     4 9 0                  -                   -                   515                    0 .2 9 % 13 9                   9 ,0 9 0               5.53 % 175                    9 ,2 6 5               5.3 3 %

w ater kg/hr 12 1,9 0 9            13 ,781               -                   -                   13 5,689           77% 14 1                    13 3 ,2 2 8           8 0 % 6 ,6 4 0               13 9 ,8 6 8           8 0 .5%

glucose (ss) kg/hr 11,891               2 9                     -                   -                   13 ,4 57              7.6 8 % -                   13 5                    0 .0 8 % -                   13 5                    0 .0 8 %

xylose (ss) kg/hr 6 ,6 58               73                     -                   -                   6 ,731                3 .8 4 % -                   1,683                1.01% -                   1,683                0 .9 7%

arabinose (ss) kg/hr 6 4 3                  70                     -                   -                   713                    0 .4 1% -                   6 6 3                  0 .4 0 % -                   6 6 3                  0 .3 8 %

o t her sugars (ss) kg/hr 3 4 9                  3 8                     -                   -                   3 8 7                   0 .2 2 % -                   3 6 0                  0 .2 2 % -                   3 6 0                  0 .2 1%

cellobiose (ss) kg/hr 14 2                   16                      -                   -                   158                    0 .0 9 % -                   18 3                   0 .11% -                   18 3                   0 .11%

glucose ol igomers (ss) kg/hr 3 4 9                  4 0                     -                   -                   3 8 9                  0 .2 2 % -                   1,351                 0 .8 1% -                   1,351                 0 .78%

xyolose ol igomers (ss) kg/hr 53 2                   59                     -                   -                   59 2                   0 .3 4 % -                   59 2                   0 .3 5% -                   59 2                   0 .3 4 %

o t her ol igomers (ss) kg/hr -                   -                   -                   -                   -                   0 .0 0 % -                   -                   0 .0 0 % -                   -                   0 .0 0 %

CSL (ss) kg/hr 2 8 4                  3 0 6                  4 3 8                  -                   1,029                0 .59% 1                        1,028                0 .6 2 % 1                        1,029                0 .59%

(NH4)2SO4 (ss) kg/hr -                   -                   -                   -                   -                   0 .0 0 % -                   -                   0 .0 0 % -                   -                   0 .0 0 %

NH4 acetate (ss) kg/hr -                   -                   -                   -                   -                   0 .0 0 % -                   -                   0 .0 0 % -                   -                   0 .0 0 %

Others (soluble solids) kg/hr 12                      1                        -                   -                   13                      0 .0 1% -                   13                      0 .0 1% -                   13                      0 .0 1%

Acet ic Acid kg/hr 3 2 2                  54                     -                   -                   3 75                   0 .2 1% 0                       8 0 5                   0 .4 8 % 0                       8 0 6                  0 .4 6 %

Sulfuric Acid kg/hr 115                     13                      -                   -                   12 8                   0 .0 7% -                   12 8                   0 .0 8 % -                   12 8                   0 .0 7%

Furfural kg/hr 553                   6 1                      -                   -                   6 14                   0 .3 5% 4                       6 10                   0 .3 7% 4                       6 14                   0 .3 5%

HM F kg/hr 3 8                     4                       -                   -                   4 2                     0 .0 2 % 0                       4 2                     0 .0 2 % 0                       4 2                     0 .0 2 %

C arbon Diox ide kg/hr -                   2 0                     -                   -                   2 0                     0 .0 1% 7,9 10                2 14                   4 .8 7% 8                       2 2 3                  0 .13 %

M et hane kg/hr -                   -                   -                   -                   -                   0 .0 0 % -                   -                   0 .0 0 % -                   -                   0 .0 0 %

Oxygen kg/hr -                   -                   -                   -                   -                   0 .0 0 % 6 7                     -                   0 .0 0 % 1                        1                        0 .0 0 %

Nitrogen kg/hr 0                       -                   -                   -                   0                       0 .0 0 % 0                       -                   0 .0 0 % -                   -                   0 .0 0 %

Ammonia kg/hr 1                        -                   -                   71                      73                     0 .0 4 % -                   6                       0 .0 0 % -                   6                       0 .0 0 %

NH4 OH kg/hr -                   -                   -                   -                   -                   0 .0 0 % -                   -                   0 .0 0 % -                   -                   0 .0 0 %

Others kg/hr 58 9                   13 0                   -                   -                   719                    0 .4 1% -                   2 ,8 2 3               1.69% -                   2 ,8 2 3               1.62%

C ellulose (is) kg/hr 2 ,707                1,18 5                 -                   -                   2 ,3 55                1.34% -                   2 ,3 55                1.41% -                   2 ,3 55                1.36%

Xylan (is) kg/hr 4 0 3                  4 5                     -                   -                   4 4 7                   0 .2 6 % -                   4 4 7                   0 .2 7% -                   4 4 7                   0 .2 6 %

A r abinan (is) kg/hr 3 4                     4                       -                   -                   3 7                     0 .0 2 % -                   3 7                     0 .0 2 % -                   3 7                     0 .0 2 %

Other Sugar Polymers (is) kg/hr 18                      2                       -                   -                   2 0                     0 .0 1% -                   2 0                     0 .0 1% -                   2 0                     0 .0 1%

C ellulase (is) kg/hr 19 4                   2 9                     -                   -                   2 2 3                  0 .13 % -                   2 2 3                  0 .13 % -                   2 2 3                  0 .13 %

Biomass (is) kg/hr 78                     12                      -                   -                   9 0                     0 .0 5% -                   9 0                     0 .0 0 % -                   9 0                     0 .0 5%

Zymo. (is) kg/hr 58                     3 9                     -                   -                   9 7                     0 .0 6 % -                   52 3                   0 .3 1% -                   52 3                   0 .3 0 %

Lignin (is) kg/hr 6 ,2 51                6 9 5                   -                   -                   6 ,9 4 6               3 .9 7% -                   6 ,9 4 6               4 .16 % -                   6 ,9 4 6               4 .0 0 %

Gypsum (is) kg/hr 3                       0                       -                   -                   4                       0 .0 0 % -                   4                       0 .0 0 % -                   4                       0 .0 0 %

C a(OH)2 (is) kg/hr -                   -                   -                   -                   -                   0 .0 0 % -                   -                   0 .0 0 % -                   -                   0 .0 0 %

Others (is) kg/hr 2 ,9 8 1                3 3 1                   -                   -                   3 ,3 12                1.89% -                   3 ,3 12                1.98% -                   3 ,3 12                1.91%

Average Density g/ml -                   1.073                0 .9 8 4               0 .0 0 1                -                   -                   -                   -                   -                   0 .9 8 3               0 .9 6 5               1.000                



3 0 2 A  p r e-

hydrolyzate content %

422 cellulase 

b r o t h hydolysis slurry % g lu

307A LP to  

hydrolysis 

w armer

307B steam 

condensate

3 0 2 B  t o  

f ermentation %

Tota l  f l ow kg/hr 14 5,53 6            0 .0 % 11,600              157,13 6             0 .0 0 % 10 ,14 9              10 ,14 9              157,13 6             10 0 %

insoluble sol ids % 15.8 % 0 .0 % 5.2 % 15.0 % 0 .0 % 0 .0 % 0 .0 % 8 .1% 0 .0 %

soluble sol ids % 6 .8 % 0 .0 % 1.8% 6 .4 % 0 .0 % 0 .0 % 0 .0 % 13 .3 % 0 .0 %

t emp . oC 59                     -                   2 8                     50                     -                   170                    14 8                   50                     -                   

pressure at m 1.00                  -                   1.66                  1.00                  -                   4 .4 2                 4 .4 2                 1.00                  -                   

vapor  f ract ion -                   -                   -                   -                   -                   1.00                  -                   -                   -                   

ethanol kg/hr 2 4                     0 .0 % 1                        2 4                     0 .0 0 % -                   -                   2 4                     0 .0 %

w ater kg/hr 111,3 6 0             76 .5% 10 ,54 8              12 1,9 0 9            0 .0 0 % 10 ,14 9              10 ,14 9              12 1,9 0 9            77.6 %

glucose (ss) kg/hr 1,064                0 .7% -                   1,064                0 .6 8 % -                   -                   11,891               7.6 %

xylose (ss) kg/hr 6 ,658               4 .6 % -                   6 ,658               0 .0 0 % -                   -                   6 ,658               4 .2 %

arabinose (ss) kg/hr 6 4 3                  0 .4 % -                   6 4 3                  0 .0 0 % -                   -                   6 4 3                  0 .4 %

o t her sugars (ss) kg/hr 3 4 9                  0 .2 % -                   3 4 9                  0 .0 0 % -                   -                   3 4 9                  0 .2 %

cellobiose (ss) kg/hr 13 4                   0 .1% 8                       14 2                   0 .0 0 % -                   -                   14 2                   0 .1%

glucose ol igomers (ss) kg/hr 3 11                    0 .2 % 3 8                     3 4 9                  0 .0 0 % -                   -                   3 4 9                  0 .2 %

xyolose ol igomers (ss) kg/hr 50 1                    0 .3 % 3 1                      53 2                   0 .0 0 % -                   -                   53 2                   0 .3 %

o t her ol igomers (ss) kg/hr -                   0 .0 % -                   -                   0 .0 0 % -                   -                   -                   0 .0 %

CSL (ss) kg/hr 155                    0 .1% 12 9                   2 8 4                  0 .0 0 % -                   -                   2 8 4                  0 .2 %

(NH4)2SO4 (ss) kg/hr -                   0 .0 % -                   -                   0 .0 0 % -                   -                   -                   0 .0 %

NH4 acetate (ss) kg/hr -                   0 .0 % -                   -                   0 .0 0 % -                   -                   -                   0 .0 %

Others (soluble sol ids) kg/hr 11                       0 .0 % 1                        12                      0 .0 0 % -                   -                   12                      0 .0 %

Acet ic Acid kg/hr 2 9 5                   0 .2 % 2 7                     3 2 2                  0 .0 0 % -                   -                   3 2 2                  0 .2 %

Sulfuric Acid kg/hr 10 9                   0 .1% 7                        115                     0 .0 0 % -                   -                   115                     0 .1%

Furfural kg/hr 53 1                    0 .4 % 2 2                     553                   0 .0 0 % -                   -                   553                   0 .4 %

HM F kg/hr 3 7                     0 .0 % 2                       3 8                     0 .0 0 % -                   -                   3 8                     0 .0 %

C arbon Diox ide kg/hr -                   0 .0 % -                   -                   0 .0 0 % -                   -                   -                   0 .0 %

M ethane kg/hr -                   0 .0 % -                   -                   0 .0 0 % -                   -                   -                   0 .0 %

Oxygen kg/hr -                   0 .0 % -                   -                   0 .0 0 % -                   -                   -                   0 .0 %

Ni t rogen kg/hr -                   0 .0 % 0                       0                       0 .0 0 % -                   -                   0                       0 .0 %

Ammonia kg/hr 1                        0 .0 % -                   1                        0 .0 0 % -                   -                   1                        0 .0 %

NH4 OH kg/hr -                   0 .0 % -                   -                   0 .0 0 % -                   -                   -                   0 .0 %

Others kg/hr 4 0 4                  0 .3 % 18 5                    58 9                   0 .0 0 % -                   -                   58 9                   0 .4 %

C ellulose (is) kg/hr 13 ,53 3              9 .3 % -                   13 ,53 3              0 .0 0 % -                   -                   2 ,70 7                1.7%

Xylan (is) kg/hr 3 8 8                  0 .3 % 15                      4 0 3                  0 .0 0 % -                   -                   4 0 3                  0 .3 %

A r abinan (is) kg/hr 3 2                     0 .0 % 1                        3 4                     0 .0 0 % -                   -                   3 4                     0 .0 %

Other Sugar Polymers (is) kg/hr 18                      0 .0 % -                   18                      0 .0 0 % -                   -                   18                      0 .0 %

C ellulase (is) kg/hr 2 6                     0 .0 % 16 8                   19 4                   0 .0 0 % -                   -                   19 4                   0 .1%

Biomass ( is) kg/hr 11                       0 .0 % 6 8                     78                     0 .0 0 % -                   -                   78                     0 .0 %

Zymo. (is) kg/hr 4 9                     0 .0 % 9                       58                     0 .0 0 % -                   -                   58                     0 .0 %

Lignin (is) kg/hr 6 ,0 2 1                4 .1% 2 3 0                  6 ,251                0 .0 0 % -                   -                   6 ,251                4 .0 %

Gypsum (is) kg/hr 3                       0 .0 % -                   3                       0 .0 0 % -                   -                   3                       0 .0 %

C a(OH)2 (is) kg/hr -                   0 .0 % -                   -                   0 .0 0 % -                   -                   -                   0 .0 %

Others (is) kg/hr 2 ,871                2 .0 % 110                    2 ,9 8 1                0 .0 0 % -                   -                   2 ,9 8 1                1.9%

Average Density g/ml 1.090                -                   1.025                1.10 1                  -                   0 .0 0 2               0 .8 6 5               -                   -                   



4 0 3  p r e-

hydrolyzate 

f rom detox.

4 3 0  r ecycle 

water 4 3 2  air 4 3 4  ammonia 423  CSL

4 3 3  t o  

cellulase 

p roduc t ion 4 3 5 vent air

T o t a l  f low kg/hr 3 16                   8 0 5                   7,6 10                3                       11                       9 3 2                  7,8 12                

insoluble sol ids % 15.6 % 0 .2 % 0 .0 % 0 .0 % 0 .0 % 4 .1% 0 .0 %

soluble sol ids % 6 .7% 1.0 % 0 .0 % 0 .0 % 10 0 .0 % 1.8 % 0 .0 %

t emp. oC 59                     4 7                     4 0                     2 8                     2 8                     2 8                     2 8                     

pressure at m 1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.0 0                  

vapor  f rac t ion -                   -                   1.0 0                  1.0 0                  -                   -                   1.0 0                  

ethanol kg/hr -                   -                   -                   -                   -                   -                   -                   

water kg/hr 2 4 2                  78 3                   -                   -                   -                   8 6 6                  18 2                   

glucose (ss) kg/hr 2                       -                   -                   -                   -                   -                   -                   

xylose (ss) kg/hr 15                      1                        -                   -                   -                   -                   -                   

arabinose (ss) kg/hr 1                        1                        -                   -                   -                   -                   -                   

o t her sugars (ss) kg/hr 1                        1                        -                   -                   -                   -                   -                   

cel lobiose (ss) kg/hr 0                       0                       -                   -                   -                   1                        -                   

glucose ol igomers (ss) kg/hr 1                        3                       -                   -                   -                   3                       -                   

xyolose ol igomers (ss) kg/hr 1                        1                        -                   -                   -                   2                       -                   

o t her ol igomers (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   

CSL (ss) kg/hr 0                       1                        -                   -                   11                       10                      2                       

(NH4)2SO4 (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   

NH4 acetate (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   

Others (soluble sol ids) kg/hr -                   -                   -                   -                   -                   -                   -                   

A c et ic  Acid kg/hr 1                        2                       -                   -                   -                   2                       0                       

Sulfuric Acid kg/hr 0                       0                       -                   -                   -                   0                       -                   

Furfural kg/hr 1                        4                       -                   -                   -                   1                        3                       

HM F kg/hr -                   0                       -                   -                   -                   -                   0                       

Carbon D iox ide kg/hr -                   -                   -                   -                   -                   -                   4 9                     

M ethane kg/hr -                   -                   -                   -                   -                   -                   -                   

Oxygen kg/hr -                   -                   1,59 8                -                   -                   -                   1,56 3                

N i t rogen kg/hr -                   -                   6 ,0 11                 -                   -                   -                   6 ,0 11                 

Ammonia kg/hr -                   -                   -                   3                       -                   -                   -                   

NH4 OH kg/hr -                   -                   -                   -                   -                   -                   -                   

Others kg/hr 1                        6                       -                   -                   -                   7                        -                   

Cellulose (is) kg/hr 2 9                     -                   -                   -                   -                   -                   -                   

Xylan (is) kg/hr 1                        -                   -                   -                   -                   1                        -                   

Arabinan (is) kg/hr -                   -                   -                   -                   -                   -                   -                   

Other Sugar Polymers (is) kg/hr -                   -                   -                   -                   -                   -                   -                   

Cellulase (is) kg/hr -                   0                       -                   -                   -                   0                       -                   

Biomass ( is) kg/hr -                   -                   -                   -                   -                   17                      -                   

Zymo. ( is) kg/hr -                   1                        -                   -                   -                   1                        -                   

Lignin (is) kg/hr 13                      0                       -                   -                   -                   13                      -                   

Gypsum (is) kg/hr -                   -                   -                   -                   -                   -                   -                   

Ca(OH)2 (is) kg/hr -                   -                   -                   -                   -                   -                   -                   

Others (is) kg/hr 6                       0                       -                   -                   -                   6                       -                   

A v erage Densi ty g/ml 1.0 9 0                0 .978               0 .0 0 1                0 .0 0 1                0 .9 9 1                1.0 2 0                0 .0 0 1                



4 10 pre-

hydrolyzate

433  f r om  

cellulase seed 

p d c t n 436 ammonia

4 11 recycle 

water 4 17 ant i foam 4 14  C SL 4 15 nutr ients 4 13 air 4 19 air vent cellulase broth

b r o t h af t er 

cellulase pdctn

4 2 1 to  ferm 

seed  p d c t n

4 2 2  t o  

enzymat ic 

hydrolysis

T o t a l  f low kg/hr 6 ,007               9 3 2                  55                      8 ,001                79                     14 0                   6 0                     10 8 ,8 6 0           110 ,74 9            13 ,384             13 ,384             1,78 4                11,6 0 0              

insoluble sol ids % 15.8 % 4 .1% 0 .0% 0 .2% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 7.5% 5.2 % 5.2 % 5.2 %

soluble sol ids % 6 .7% 1.8 % 0 .0% 1.0 % 0 .0% 10 0 .0 % 0 .0% 0 .0% 0 .0% 4 .7% 1.8 % 1.8 % 1.8 %

temp. oC 59                     2 8                     2 8                     4 7                     2 8                     2 8                     2 8                     4 0                     2 8                     2 8                     2 8                     2 8                     2 8                     

pressure at m 1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.6 6                  1.6 6                  1.6 6                  1.6 6                  1.6 6                  

vapor  f rac t ion -                   -                   1.0 0                  -                   -                   -                   -                   1.0 0                  1.0 0                  -                   -                   -                   -                   

et hano l kg/hr 1                        -                   -                   1                        -                   -                   -                   -                   2                       0                       1                        -                   1                        

water kg/hr 4 ,59 7                8 6 6                  -                   7,777                 -                   -                   -                   -                   1,53 7                 11,70 3               12 ,172               1,6 2 3                10 ,54 8              

glucose (ss) kg/hr 4 4                     -                   -                   -                   -                   -                   -                   -                   -                   4 4                     -                   -                   -                   

xylose (ss) kg/hr 2 75                   -                   -                   8                       -                   -                   -                   -                   -                   2 8 3                  -                   -                   -                   

arabinose (ss) kg/hr 2 7                     -                   -                   13                      -                   -                   -                   -                   -                   4 0                     -                   -                   -                   

o t her sugars (ss) kg/hr 15                      -                   -                   7                        -                   -                   -                   -                   -                   2 2                     -                   -                   -                   

cel lobiose (ss) kg/hr 5                        1                        -                   4                       -                   -                   -                   -                   -                   10                      10                      1                        8                       

glucose ol igomers (ss) kg/hr 13                      3                       -                   2 8                     -                   -                   -                   -                   -                   4 4                     4 4                     6                       3 8                     

xyolose ol igomers (ss) kg/hr 2 1                      2                       -                   12                      -                   -                   -                   -                   -                   3 5                     3 6                     4                       3 1                      

o t her ol igomers (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

CSL (ss) kg/hr 6                       10                      -                   11                       -                   14 0                   -                   -                   19                      14 9                   14 9                   2 0                     12 9                   

(NH4)2SO4 (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

NH4 acetate (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Others (soluble sol ids) kg/hr 0                       -                   -                   0                       -                   -                   -                   -                   -                   1                        1                        -                   1                        

A c et ic Acid kg/hr 12                      2                       -                   19                      -                   -                   -                   -                   3                       3 1                      3 1                      4                       2 7                     

Sulfuric Acid kg/hr 4                       0                       -                   3                       -                   -                   -                   -                   -                   7                        7                        1                        7                        

Furfural kg/hr 2 2                     1                        -                   3 7                     -                   -                   -                   -                   3 5                     2 5                     2 5                     3                       2 2                     

HM F kg/hr 1                        -                   -                   3                       -                   -                   -                   -                   2                       2                       2                       0                       2                       

Carbon Diox ide kg/hr -                   -                   -                   -                   -                   -                   -                   -                   1,0 0 5                (1,0 0 5)               -                   -                   -                   

M ethane kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Oxygen kg/hr -                   -                   -                   -                   -                   -                   -                   2 2 ,8 6 1             2 2 ,14 0             72 0                   -                   -                   -                   

Ni t rogen kg/hr -                   -                   -                   -                   -                   -                   -                   8 5,9 9 9             8 5,9 9 9             0                       0                       -                   0                       

Ammonia kg/hr -                   -                   50                     1                        -                   -                   -                   -                   -                   51                      -                   -                   -                   

NH4 OH kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Others kg/hr 17                      7                        4                       58                     79                     -                   6 0                     -                   7                        2 18                   2 13                   2 8                     18 5                    

Cellulose (is) kg/hr 559                   -                   -                   1                        -                   -                   -                   -                   -                   56 0                   -                   -                   -                   

Xylan (is) kg/hr 16                      1                        -                   0                       -                   -                   -                   -                   -                   17                      17                      2                       15                      

Arabinan (is) kg/hr 1                        -                   -                   -                   -                   -                   -                   -                   -                   1                        1                        -                   1                        

Other Sugar Polymers (is) kg/hr 1                        -                   -                   -                   -                   -                   -                   -                   -                   1                        -                   -                   -                   

Cellulase (is) kg/hr 1                        0                       -                   4                       -                   -                   -                   -                   -                   5                        19 4                   2 6                     16 8                   

Biomass ( is) kg/hr 0                       17                      -                   2                       -                   -                   -                   -                   -                   19                      78                     10                      6 8                     

Zymo. (is) kg/hr 2                       1                        -                   7                        -                   -                   -                   -                   -                   10                      10                      1                        9                       

Lignin (is) kg/hr 2 4 8                  13                      -                   4                       -                   -                   -                   -                   -                   2 6 6                  2 6 6                  3 6                     2 3 0                  

Gypsum (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Ca(OH)2 ( is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Others ( is) kg/hr 118                    6                       -                   2                       -                   -                   -                   -                   -                   12 7                    12 7                    17                      110                    

A v erage Density g/ml 1.0 9 0                1.0 2 0                0 .001                0 .978               0 .888               0 .991                0 .991                0 .001                0 .002               -                   -                   1.0 2 5                1.0 2 5                



 501 beer 

 506 heated 

b eer 

 5 0 8  t o  

scrubber  

 510  t o  

rect i f icat ion  518  b o t t o m s   594 steam 

 595 

condensate 

To ta l  f l ow kg/hr 173 ,737            173 ,737            2 6 7                   2 3 ,576             14 9 , 8 9 7           2 5,19 0              2 5,19 0              

inso luble so l ids % 8 .0 % 8 .0 % 0 .0 % 0 .0 % 9 .3 % 0 .0 % 0 .0 %

solub le  so l ids % 3 .5% 3 .5% 0 .0 % 0 .4 % 3 .9 % 0 .0 % 0 .0 %

t emp . oC 9 5                     10 0                   6 0                     113                    12 2                   170                    14 8                   

pressure at m 4 .0 0                 4 .76                  1.86                  1.93                  2 .10                  4 .4 2                 4 .4 2                 

vapo r  f r ac t i on -                   -                   1.00                  1.00                  -                   1.00                  -                   

et hanol kg/hr 9 ,2 6 5               9 ,2 6 5               3 3                     9 ,16 4                6 8                     -                   -                   

w at er kg/hr 13 9 , 8 6 8           13 9 , 8 6 8           11                       13 , 9 0 9             125 ,948           2 5,19 0              2 5,19 0              

g lucose (ss) kg/hr 13 5                    13 5                    -                   -                   13 5                    -                   -                   

xylose (ss) kg/hr 1, 6 8 3                1, 6 8 3                -                   -                   1, 6 8 3                -                   -                   

arabinose (ss) kg/hr 6 6 3                  6 6 3                  -                   -                   6 6 3                  -                   -                   

other sugars (ss) kg/hr 3 6 0                  3 6 0                  -                   -                   3 6 0                  -                   -                   

cel lobiose (ss) kg/hr 18 3                   18 3                   -                   -                   18 3                   -                   -                   

g lucose ol igomers (ss) kg/hr 1,351                 1,351                 -                   -                   1,351                 -                   -                   

xyolose o l igomers (ss) kg/hr 59 2                   59 2                   -                   -                   59 2                   -                   -                   

o ther  o l igomers (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   

CSL (ss) kg/hr 1, 0 2 9                1, 0 2 9                -                   10 3                   9 2 6                  -                   -                   

( N H4)2SO4 (ss ) kg/hr -                   -                   -                   -                   -                   -                   -                   

N H4  acetate (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   

Others (soluble sol ids) kg/hr 13                      13                      -                   -                   13                      -                   -                   

A cet ic Acid kg/hr 8 0 6                  8 0 6                  -                   4 0                     76 6                   -                   -                   

Sulfuric A cid kg/hr 12 8                   12 8                   -                   -                   12 8                   -                   -                   

Furfural kg/hr 6 14                   6 14                   0                       3 2 2                  2 9 1                   -                   -                   

HM F kg/hr 4 2                     4 2                     -                   2 2                     2 0                     -                   -                   

C arbon  D iox ide kg/hr 2 2 3                  2 2 3                  2 2 3                  -                   -                   -                   -                   

M ethane kg/hr -                   -                   -                   -                   -                   -                   -                   

Oxygen kg/hr 1                        1                        -                   -                   -                   -                   -                   

N i t rogen kg/hr -                   -                   -                   -                   -                   -                   -                   

Ammonia kg/hr 6                       6                       -                   6                       -                   -                   -                   

N H4 OH kg/hr -                   -                   -                   -                   -                   -                   -                   

Others kg/hr 2 ,8 2 3               2 ,8 2 3               -                   10                      2 ,8 13                -                   -                   

C ellulose ( is) kg/hr 2 ,3 55                2 ,3 55                -                   -                   2 ,3 55                -                   -                   

X ylan (is) kg/hr 4 4 7                   4 4 7                   -                   -                   4 4 7                   -                   -                   

A r ab inan (is) kg/hr 3 7                     3 7                     -                   -                   3 7                     -                   -                   

Other Sugar Polymers ( is) kg/hr 2 0                     2 0                     -                   -                   2 0                     -                   -                   

C ellulase (is) kg/hr 2 2 3                  2 2 3                  -                   -                   2 2 3                  -                   -                   

B iomass ( is) kg/hr 9 0                     9 0                     -                   -                   9 0                     -                   -                   

Zymo. ( is) kg/hr 52 3                   52 3                   -                   -                   52 3                   -                   -                   

Lignin (is) kg/hr 6 ,9 4 6               6 ,9 4 6               -                   -                   6 ,9 4 6               -                   -                   

Gypsum ( is) kg/hr 4                       4                       -                   -                   4                       -                   -                   

C a(OH)2 ( is) kg/hr -                   -                   -                   -                   -                   -                   -                   

Others ( is) kg/hr 3 ,3 12                3 ,3 12                -                   -                   3 ,3 12                -                   -                   

A verage Density g/ml 0 .9 6 5               0 .9 72               0 .0 0 3               0 .0 0 1                0 .9 74               0 .0 0 2               0 .8 6 5               



 304C seed 

fermenter 

o f fgas  

 3 0 8  

fermentation 

o f fgas  

 50 8  B eer stil l 

o f fgas  

 523 combined 

of fgases  524 wel l  water  

 550 vent  to  

atm 

 551 t o  B eer 

W ell 

 510 f rom beer  

column 

 52 1 f rom 

d ehyd r at ion  59 2   LP steam 

 59 3  

condensate 

 516 rect i f ier  

b o t t o ms to  

WW treatment  

 511 to  EtOH 

d ehyd r at ion 

T o t a l  f low k g / hr 4 6 6                  8 ,2 6 4               2 6 7                   8 ,9 9 8               6 ,56 4               8 ,73 4               6 ,8 2 7               2 3 ,576             3 ,16 8                3 ,2 3 0               3 ,2 3 0               14 ,4 2 5              12 ,3 2 0             

insoluble sol ids % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

soluble sol ids % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .4 % 0 .0 % 0 .0 % 0 .0 % 0 .7% 0 .0 %

temp. o C 3 0                     3 0                     6 0                     3 1                      13                      18                      3 0                     113                    70                     170                    14 8                   12 1                    9 2                     

pressure a tm 1.0 0                  1.0 0                  1.8 6                  1.0 0                  1.0 0                  0 .9 0                 0 .9 0                 1.9 3                  1.53                   4 .4 2                 4 .4 2                 2 .0 7                  1.70                   

vapor  f rac t ion 1.0 0                  1.0 0                  1.0 0                  1.0 0                  -                   1.0 0                  -                   1.0 0                  -                   1.0 0                  -                   -                   1.0 0                  

ethanol k g / hr 4                       13 9                   3 3                     177                    -                   2                       175                    9 ,16 4                2 ,2 8 9               -                   -                   7                        11,3 9 5               

water k g / hr 8                       14 1                    11                       16 0                   6 ,56 4               8 3                     6 ,6 4 0               13 ,9 0 9             8 79                   3 ,2 3 0               3 ,2 3 0               13 ,9 19              9 2 4                  

g lucose (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

xylose (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

arabinose (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

other sugars (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

cel lobiose (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

g lucose ol igomers (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

xyolose ol igomers (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

other o l igomers (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

CSL (ss) k g / hr -                   1                        -                   1                        -                   -                   1                        10 3                   -                   -                   -                   10 6                   -                   

(NH4)2SO4 (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

NH4 acetate (ss) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Others (soluble sol ids) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

A c et ic  Acid k g / hr -                   0                       -                   0                       -                   -                   0                       4 0                     -                   -                   -                   4 0                     -                   

Sulfuric Acid k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Furfural k g / hr 0                       4                       0                       4                       -                   -                   4                       3 2 2                  -                   -                   -                   3 16                   -                   

HM F k g / hr -                   0                       -                   0                       -                   -                   0                       2 2                     -                   -                   -                   2 2                     -                   

Carbon D iox ide k g / hr 4 4 5                   7,9 10                2 2 3                  8 ,577                -                   8 ,575                8                       -                   -                   -                   -                   -                   -                   

M ethane k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Oxygen k g / hr 9                       6 7                     -                   76                     -                   75                      1                        -                   -                   -                   -                   -                   -                   

N i t rogen k g / hr -                   0                       -                   0                       -                   0                       -                   -                   -                   -                   -                   -                   -                   

Ammonia k g / hr -                   -                   -                   -                   -                   -                   -                   6                       -                   -                   -                   6                       -                   

NH4 OH k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Others k g / hr -                   -                   -                   -                   -                   -                   -                   10                      -                   -                   -                   10                      -                   

Cellulose (is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Xylan ( is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Arabinan (is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Other Sugar Polymers (is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Cellulase (is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Biomass ( is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Zymo. ( is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Lignin (is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Gypsum (is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Ca(OH)2 ( is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Others (is) k g / hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

A v erage Density g/ml 0 .0 0 2               0 .0 0 2               0 .0 0 3               0 .0 0 2               1.0 0 5                0 .0 0 2               0 .9 8 3               0 .0 0 1                0 .78 0               0 .0 0 2               0 .8 6 5               0 .8 9 9               0 .0 0 2               



 511 

rect i f icat ion 

vapor  

 511c heated 

rect i f icat ion 

vapor  

 515 EtOH l iquid 

p roduc t  

 515A  d ehy. 

regeneration 

 517 coo led  

recirc. to 

rect i f icat ion 

 519 ethanol 

vapor  p roduc t  

 52 1 reheated  

recirc. To 

rect i f icat ion 

 522  sw ing  f o r  

regeneration 

and product  

596 LP steam 

(pre-heat)

597 steam 

condensate

To ta l  f l ow kg/hr 12 ,3 2 0             12 ,3 2 0             9,151                 3,16 8                3,16 8                9,151                 3,16 8                3,16 8                2 2 9                  2 2 9                  

inso luble sol ids % 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0%

soluble sol ids % 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0% 0 .0%

t emp . oC 9 2                     116                    3 8                     116                    3 5                     9 2                     70                     70                     170                    14 8                   

pressure at m 1.70                   1.70                   1.0 0                  1.70                   0.14                  1.4 4                  1.53                   1.53                   4 .42                 4 .42                 

vapor  f rac t ion 1.0 0                  1.0 0                  -                   1.0 0                  -                   1.0 0                  -                   -                   1.0 0                  -                   

et hanol kg/hr 11,395               11,395               9,10 6                2 , 2 8 9               2 , 2 8 9               9,10 6                2 , 2 8 9               2 , 2 8 9               -                   -                   

water kg/hr 9 2 4                  9 2 4                  4 5                     879                   879                   4 5                     879                   879                   2 2 9                  2 2 9                  

glucose (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

xylose (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

arabinose (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

o t her sugars (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

cel lobiose (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

g lucose ol igomers (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

xyolose ol igomers (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

o t her ol igomers (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

CSL (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

(NH4)2SO4 (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

NH4 acetate (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Others (soluble sol ids) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Acet ic  Ac id kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Sulfuric A cid kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Furfural kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

HM F kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Carbon D iox ide kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

M et hane kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Oxygen kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

N i t rogen kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Ammonia kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

NH4 OH kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Others kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Cellulose (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Xylan ( is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Arabinan (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Other Sugar Polymers (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Cellulase (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Biomass ( is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Zymo. (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Lig nin (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Gypsum (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Ca(OH)2 ( is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Others ( is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Average Density g / ml 0 . 0 0 2               0 . 0 0 2               0.757                0 . 0 0 2               0 . 8 2 1                0 . 0 0 2               0 .780               0 .780               0 . 0 0 2               0 . 8 6 5               



211 evap. cond. 

t o  acid dil lution

243 evap. 

cond. to IX 

regen.

2 4 5 evap . 

cond. to IX 

regen.

518 A  b eer 

str ipper 

b o t t o ms

52 5 1st evap. 

b o t t o ms 

(lignin)

526 vapor  to  

2nd evap.

52 7 2 nd evap. 

cond.

52 8  2 nd  evap. 

b o t t o ms

529 vapor  to  

3rd evap.

530  3 rd  evap. 

w ater for 

recycle

53 1 lignin evap. 

syrup

532  3 rd  evap. 

vapor  to  

recycle water

533 evap. 

cond.

53 4 A  

evap. 

cond.

53 5 t o  

W W T

610 f rom 

lignin sep.

Tota l  f low kg/hr 2 3 ,045             17,79 9              13 ,800             14 9 ,8 9 7           12 5,526            2 4 ,371              2 4 ,371              4 2 ,642            2 0 ,448            2 0 ,448            2 2 ,372             2 0 ,271              2 0 ,271      65,090     6,509  6 3 ,817    

insoluble solids % 0.0% 0.0% 0.0% 9.3% 10 .6% 0.0% 0.0% 1.3 % 0.0% 0.0% 2.4% 0.0% 0.0% 0.0% 0.0% 0.8%

soluble solids % 3 0 .0% 0.0% 0.3% 3.9% 3.5% 0.7% 0.7% 4.7% 0.0% 0.0% 8.9% 0.0% 0.0% 0.3% 0.3% 3.2%

temp. oC 73                     73                     73                     12 2                   86                     86                     86                     69                     69                     69                     62                     62                     62             73             73        40           

pressure at m 3.00                 3 .00                 3 .00                 2.10                  0.58                  0.58                  0 .60                 0 .29                 0 .29                 0 .30                 0 .21                  0 .21                  0 .22         2 .00         2 .00    3 .20       

vapor fract ion -                   -                   -                   -                   -                   1.0 0                  -                   -                   1.0 0                  -                   -                   1.0 0                  -           -           -      -         

et hanol kg/hr 21                      -                   13                      68                     19                      50                     50                     1                        1                        9                       -                   1                        1                60             6          11             

w ater kg/hr 2 2 ,816             17,79 9              13 ,663             12 5,9 4 8           10 3 ,9 8 0           2 3 ,905             2 3 ,905             3 8 ,070             2 0 ,356             2 0 ,347             17,879              2 0 ,19 2             2 0 ,19 2     6 4 ,444    6 ,444  59 ,091    

glucose (ss) kg/hr -                   -                   -                   13 5                    10 4                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

xylose (ss) kg/hr -                   -                   -                   1,6 8 3                4 0 3                  -                   -                   2 2 6                  -                   -                   2 2 6                  -                   -           -           -      2 2 9        

arabinose (ss) kg/hr -                   -                   -                   6 6 3                  6 4 7                   -                   -                   3 6 3                  -                   -                   3 6 3                  -                   -           -           -      3 6 8        

o t her sugars (ss) kg/hr -                   -                   -                   3 6 0                  351                    -                   -                   19 8                   -                   -                   19 8                   -                   -           -           -      19 9         

cellobiose (ss) kg/hr -                   -                   -                   18 3                   18 2                   -                   -                   10 2                   -                   -                   10 2                   -                   -           -           -      10 3         

glucose oligomers (ss) kg/hr -                   -                   -                   1,3 51                 1,3 71                 -                   -                   770                   -                   -                   770                   -                   -           -           -      779         

xyolose oligomers (ss) kg/hr -                   -                   -                   59 2                   58 9                   -                   -                   3 3 1                   -                   -                   3 3 1                   -                   -           -           -      3 3 4        

o t her oligomers (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

CSL (ss) kg/hr 64                     -                   38                     9 2 6                  78 3                   18 0                   18 0                   -                   -                   -                   -                   -                   -           18 0           18         -         

(NH4)2SO4 (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

N H4 acetate (ss) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

Others (soluble solids) kg/hr -                   -                   -                   13                      13                      -                   -                   5                        -                   -                   5                        -                   -           -           -      5              

A cetic Acid kg/hr 48                     -                   28                     76 6                   73 5                   34                     34                     376                   37                     37                     313                   63                     63             13 4           13         418         

Sulfuric Acid kg/hr -                   -                   -                   12 8                   12 8                   -                   -                   72                     -                   -                   72                     -                   -           -           -      73           

Furfural kg/hr 84                     -                   50                     2 9 1                   113                    175                    175                    14                      50                     50                     2                       12                      12              2 3 7           24        64           

HM F kg/hr 6                       -                   4                       20                     8                       12                      12                      1                        4                       4                       -                   1                        1                16              2          5              

C arbon Dioxide kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

M ethane kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

Oxygen kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

Nitrogen kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

A mmonia kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

N H4 OH kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

Others kg/hr 6                       -                   4                       2,813                2 ,803               16                      16                      1,579                 1                        1                        1,577                 1                        1                18              2          1,598      

C ellulose (is) kg/hr -                   -                   -                   2,355                1,723                -                   -                   26                     -                   -                   26                     -                   -           -           -      26           

X ylan (is) kg/hr -                   -                   -                   4 4 7                   4 4 2                  -                   -                   7                        -                   -                   7                        -                   -           -           -      7              

A rabinan (is) kg/hr -                   -                   -                   37                     37                     -                   -                   0                       -                   -                   0                       -                   -           -           -      0             

Other Sugar Polymers (is) kg/hr -                   -                   -                   20                     20                     -                   -                   0                       -                   -                   0                       -                   -           -           -      0             

C ellulase (is) kg/hr -                   -                   -                   2 2 3                  2 8 4                  -                   -                   10 6                   -                   -                   10 6                   -                   -           -           -      10 8         

B iomass (is) kg/hr -                   -                   -                   90                     114                    -                   -                   43                     -                   -                   43                     -                   -           -           -      43           

Zymo. (is) kg/hr -                   -                   -                   52 3                   53 2                   -                   -                   19 9                   -                   -                   19 9                   -                   -           -           -      2 0 1         

Lignin (is) kg/hr -                   -                   -                   6 ,946               6 ,868               -                   -                   10 3                   -                   -                   10 3                   -                   -           -           -      10 4         

Gypsum (is) kg/hr -                   -                   -                   4                       4                       -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

C a(OH)2 (is) kg/hr -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -           -           -      -         

Others (is) kg/hr -                   -                   -                   3,312                3,275                -                   -                   49                     -                   -                   49                     -                   -           -           -      50           

A verage Density g / ml 0.946               0 .945               0 .946               0.974               1.0 2 5                -                   0 .934               0.978               -                   0.950               1.0 11                  -                   0.957        0 .946       0 .946  0 .998     



2 19  t o  

d e t o x .

4 11 t o  c e l l u l a s e  

p d c t n

4 3 0  t o  

ce l lu lase  seed  

p d c t n

516  

r e c t i f i c a t i o n  

b o t t o m s

52 5 1s t  e v a p .  

e f f e c t

6 0 1A  l ig n in  

s o l i d s

53 1 l ig n in  evap . 

s y r u p

6 0 1B  l ig n in  and  

s y r u p  t o  r a i l  

lo ad o ut

6 0 2  t o  r ecyc l e  

ho ld  t ank

6 0 3  t o  r ecyc l e  

w a te r

6 0 4  

p r o c e s s  

w a te r

recyc le ,  r ec t .  

b o t t o m s  

r e c y c l e  w a te r

 6 10  t o  evap . 

2 nd  e f f e c t  

T o t a l  f l o w k g / h r 6 2 ,8 4 5        8 ,0 0 1                8 0 5                   14 ,4 2 5              12 5,52 6            4 1,4 0 6             2 2 ,3 72             6 3 ,778             8 4 ,12 0             2 0 ,3 0 2            3 6 ,9 2 4      71,6 51               6 3 ,8 17              

i nso lub le  so l id s % 0 .2 % 0 .2 % 0 .2 % 0 .0 % 10 .6 % 3 0 .4 % 2 .4 % 2 0 .6 % 0 .8 % 0 .8 % 0 .0 % 0 .2 % 0 .8 %

s o l u b l e  s o l i d s % 1.0 % 1.0 % 1.0 % 0 .7% 3 .5% 4 .3 % 8 .9 % 5.9 % 3 .2 % 3 .2 % 0 .0 % 1.0 % 3 .2 %

t e m p . o C 4 7                 4 7                     4 7                     12 1                    8 6                     4 0                     6 2                     ~4 8 4 0                     4 0                     2 0              4 7                     4 0                     

p r e s s u r e a t m 1.0 0              1.0 0                  1.0 0                  2 .0 7                  0 .58                  3 .2 0                 0 .2 1                  -                   3 .2 0                 3 .2 0                 1.0 0            1.0 0                  3 .2 0                 

vap o r  f r a c t i o n -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

e thano l k g / h r 9                   1                        -                   7                        19                      4                       -                   4                       14                      3                       -             10                      11                       

w a te r k g / h r 6 1,0 8 2         7,777                 78 3                   13 ,9 19              10 3 ,9 8 0           2 6 ,0 9 0            17,8 79              4 3 ,9 6 9            77,8 9 0             18 ,79 9              3 6 ,9 2 4      6 9 ,6 4 2            59 ,0 9 1              

g luco s e  ( s s ) k g / h r -               -                   -                   -                   10 4                   10 4                   -                   10 4                   -                   -                   -             -                   -                   

x y l o s e  ( s s ) k g / h r 6 4                8                       1                        -                   4 0 3                  10 1                    2 2 6                  3 2 7                   3 0 2                  73                     -             73                     2 2 9                  

a rab ino s e  ( s s ) k g / h r 10 4               13                      1                        -                   6 4 7                   16 2                   3 6 3                  52 6                   4 8 5                   117                     -             118                    3 6 8                  

o t he r  sug a r s  ( s s ) k g / h r 56                 7                        1                        -                   3 51                    8 8                     19 8                   2 8 6                  2 6 3                  6 3                     -             6 4                     19 9                   

ce l lo b io s e  ( s s ) k g / h r 2 9                4                       0                       -                   18 2                   4 6                     10 2                   14 8                   13 6                   3 3                     -             3 3                     10 3                   

g luco s e  o l i g o m e r s  ( s s ) k g / h r 2 19               2 8                     3                       -                   1,3 71                 3 4 4                  770                   1,114                  1,0 2 7                2 4 8                  -             2 4 9                  779                   

x y o l o s e  o l i g o m e r s  ( s s ) k g / h r 9 4                12                      1                        -                   58 9                   14 8                   3 3 1                   4 78                   4 4 1                   10 6                   -             10 7                    3 3 4                  

o t he r  o l ig o m e r s  ( s s ) k g / h r -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

C S L  ( s s ) k g / h r 9 1                 11                       1                        10 6                   78 3                   78 3                   -                   78 3                   -                   -                   -             10 4                   -                   

( N H 4 ) 2 S O 4  ( s s ) k g / h r -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

N H4  a c e t a t e  ( s s ) k g / h r -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

O t h e r s  ( s o l u b l e  s o l i d s ) k g / h r 1                    0                       -                   -                   13                      6                       5                        11                       7                        2                       -             2                       5                        

A c e t i c  A c id k g / h r 152               19                      2                       4 0                     73 5                   18 5                    3 13                   4 9 8                  551                    13 3                   -             173                    4 18                   

S u l f u r i c  A c id k g / h r 2 0                3                       0                       -                   12 8                   3 2                     72                     10 4                   9 6                     2 3                     -             2 3                     73                     

F u r f u r a l k g / h r 2 9 0              3 7                     4                       3 16                   113                    2 8                     2                       3 0                     8 5                     2 1                      -             3 3 1                   6 4                     

HM F k g / h r 2 0                3                       0                       2 2                     8                       2                       -                   2                       6                       2                       -             2 3                     5                        

C a rb o n D io x i d e k g / h r -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

M e thane k g / h r -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

O x y g e n k g / h r -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

N i t r o g e n k g / h r -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

A m m o n i a k g / h r 5                   1                        -                   6                       -                   -                   -                   -                   -                   -                   -             6                       -                   

N H4  O H k g / h r -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

O t h e r s k g / h r 4 57               58                     6                       10                      2 ,8 0 3               6 9 7                   1,577                 2 ,2 74               2 ,10 6                50 8                   -             52 1                    1,59 8                

C el lu lo s e  ( i s ) k g / h r 7                   1                        -                   -                   1,72 3                1,6 8 8                2 6                     1,714                 3 5                     8                       -             8                       2 6                     

X y l an  ( i s ) k g / h r 2                   0                       -                   -                   4 4 2                  4 3 3                  7                        4 4 0                  9                       2                       -             2                       7                        

A rab inan  ( i s ) k g / h r -               -                   -                   -                   3 7                     3 6                     0                       3 7                     0                       0                       -             -                   0                       

O t h e r  S u g a r  P o l y m e r s  ( i s ) k g / h r -               -                   -                   -                   2 0                     19                      0                       2 0                     0                       0                       -             -                   0                       

C e l l u lase  ( i s ) k g / h r 3 0                4                       0                       -                   2 8 4                  14 2                   10 6                   2 4 8                  14 2                   3 4                     -             3 4                     10 8                   

B io m a s s  ( i s ) k g / h r 12                 2                       -                   -                   114                    57                      4 3                     10 0                   57                      14                      -             14                      4 3                     

Z y m o .  ( i s ) k g / h r 57                 7                        1                        -                   53 2                   2 6 6                  19 9                   4 6 5                   2 6 6                  6 4                     -             6 4                     2 0 1                   

L ig n in  ( i s ) k g / h r 2 9                4                       0                       -                   6 ,8 6 8               6 ,73 1                10 3                   6 ,8 3 4               13 7                    3 3                     -             3 3                     10 4                   

G y p s u m  ( i s ) k g / h r -               -                   -                   -                   4                       4                       -                   4                       -                   -                   -             -                   -                   

C a ( O H ) 2  ( i s ) k g / h r -               -                   -                   -                   -                   -                   -                   -                   -                   -                   -             -                   -                   

O t h e r s  ( i s ) k g / h r 14                 2                       0                       -                   3 ,2 75                3 ,2 0 9               4 9                     3 ,2 58               6 6                     16                      -             16                      50                     

A ve rag e D e n s i t y g / m l 0 .9 78           0 .9 78               0 .9 78               0 .8 9 9               1.0 2 5                1.2 0 6                1.0 11                  ~1.150 0 .9 9 8               0 .9 9 8               0 .9 9 8        0 .9 78               0 .9 9 8               



 5 2 0  f l a s h  t o  

W W  t r e a t m e n t  

 2 4 7  IX  t o  W W  

t r e a t m e n t  

 5 3 5  

e v a p o r a t o r  

W W  

 6 16  f e e d s t o c k  

r e c e i v i n g  p a d  

r u n - o f f  

 9 4 4  c o o l i n g  

t o w e r  t o  W W T  

( f i l t e r s  o n l y )  

 8 2 1 b o i l e r  

b l o w d o w n  t o  

W W T  

  8 3 0  T o t a l  

W W  

 8 3 1 T o t a l  W W  

t o  f i l t e r  

 6 15  b i o g a s  C F D  

@  8 5% m e t h a n e  

t o  W D G  d r i e r s  

 6 2 4  R e c y c l e  

W a t e r  

T o t a l  f l o w k g / h r 2 0 ,0 2 1             2 9 ,6 3 2            6 , 5 0 9               3 9 ,4 0 7              6 ,8 4 2               2 ,6 9 9               9 8 ,2 6 7             10 3 ,2 17            4 4 2 ,114              6 4 ,0 8 1             

i n s o l u b l e  s o l i d s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % x 0 .0 %

s o l u b l e  s o l i d s % 0 .1% 4 .1% 0 .3 % 0 .0 % 0 .0 % 0 .0 % 1.3 % 0 .0 % 4 .2 % 0 .4 %

t e m p . o C 9 9                     4 0                     7 3                     -                     2 8                     3 2 1                   -                   -                   18 ,6 8 8                2 1                      

p r e s s u r e a t m 1.0 0                  3 .0 0                 2 .0 0                 -                     1.0 0                  112 .6 2              -                   -                    / 1.0 0                  

v a p o r  f r a c t i o n 1.0 0                  -                   -                   -                     -                   -                   -                   -                   2 .2 0                    -                   

e t h a n o l k g / h r 16                      -                   6                       -                     -                   -                   2 2                     -                   8 ,4 7 7                  -                   

w a t e r k g / h r 19 ,4 7 2              2 8 ,3 5 3             6 ,4 4 4               3 9 ,4 0 7              6 ,8 4 2               2 ,6 9 9               9 6 ,3 7 5             10 3 ,2 17             / 6 3 ,8 10             

g l u c o s e  ( s s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   2 4                       -                   

x y l o s e  ( s s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   3 5 3                     -                   

a r a b i n o s e  ( s s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   k g  C H 4 / h r -                   

o t h e r  s u g a r s  ( s s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

c e l l o b i o s e  ( s s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

g l u c o s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

x y o l o s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

o t h e r  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

C S L  ( s s ) k g / h r 15                      -                   18                      -                     -                   -                   3 3                     -                   -                      0                       

( N H 4 ) 2 S O 4  ( s s ) k g / h r -                   4 17                    -                   -                     -                   -                   4 17                    -                   -                      2 6 2                  

N H 4  a c e t a t e  ( s s ) k g / h r -                   8 0 4                  -                   -                     -                   -                   8 7 0                   -                   -                      0                       

O t h e r s  ( s o l u b l e  s o l i d s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

A c e t i c  A c i d k g / h r 5 3                     -                   13                      -                     -                   -                   6 6                     -                   -                      -                   

S u l f u r i c  A c i d k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

F u r f u r a l k g / h r 4 3 3                  -                   2 4                     -                     -                   -                   4 5 6                   -                   -                      2                       

H M F k g / h r 3 0                     -                   2                       -                     -                   -                   3 1                      -                   -                      0                       

C a r b o n  D i o x id e k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

M e t h a n e k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

O x y g e n k g / h r -                   -                   -                   -                     -                   -                   -                   -                   4 4 2 ,114              -                   

N i t r o g e n k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

A m m o n i a k g / h r -                   4                       -                   -                     -                   -                   4                       -                   -                      0                       

N H 4  O H k g / h r -                   5 4                     -                   -                     -                   -                   5 4                     -                   -                      7                        

O t h e r s k g / h r 1                        -                   2                       -                     -                   -                   3                       -                   -                      0                       

C e l l u l o s e  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

X y l a n  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

A r a b i n a n  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

O t h e r  S u g a r  P o l y m e r s  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

C e l l u l a s e  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

B i o m a s s  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

Z y m o . ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

L i g n i n  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

G y p s u m  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

C a ( O H ) 2  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

O t h e r s  ( i s ) k g / h r -                   -                   -                   -                     -                   -                   -                   -                   -                      -                   

A v e r a g e  D e n s i t y g / m l -                   0 .9 2 9               0 .9 4 6               -                     -                   0 .6 6 5               -                   -                   -                      0 .9 9 7               



 2 12  

s u l f u r i c  

 2 3 5  

s u l f u r i c  

a c i d  

 2 3 3  

s u l f u r i c  

a c i d  

 7 10  

T o t a l  

s u l f u r i c  

 2 4 2  

a m m o n i a  

 4 3 4  

a m m o n i a  

 4 3 6  

a m m o n i a  

 3 10  

a m m o n i a  

 3 11 

a m m o n i a  

 7 17  

T o t a l  

a m m o n i a  

  7 0 1 

d e n a t u r e n t  

 4 2 3  

C S L  

 4 14  

C S L  

 3 10 A  

C S L  

 3 11A  

C S L  

 7 3 5  

T o t a l  

C S L  

 4 17  

a n t i f o a m  

 2 2 7  

l i m e  

T o t a l  f l o w k g / h r 4 14    3 0 2   14 4    8 6 0   3 11        3           5 5         4           7 1          4 4 5      3 9 1           11         14 0      2 7 0     4 3 8     8 5 9     7 9         3 3 7     

i n s o l u b l e  s o l i d s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 10 0 .0 %

s o l u b l e  s o l i d s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 10 0 .0 % 10 0 .0 % 10 0 .0 % 10 0 .0 % 10 0 .0 % 0 .0 % 0 .0 %

t e m p . o C 2 0      2 0      2 0      2 0      2 0        2 8        2 8        3 5         3 5         2 0        2 0            2 8       2 8       3 5        3 5        3 5        2 8         2 0       

p r e s s u r e a t m 3 .4 0  3 .4 0  3 .4 0  3 .4 0  17 .0 0    1.0 0      1.0 0      1.0 0      1.0 0      1.0 0      1.0 0          1.0 0     1.0 0     1.0 0     1.0 0     1.0 0     1.0 0      1.0 0     

v a p o r  f r a c t i o n -    -    -    -    -       1.0 0      1.0 0      1.0 0      1.0 0      1.0 0      -           -      -      -      -      -      -       -      

e t h a n o l k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

w a t e r k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

g l u c o s e  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

x y l o s e  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

a r a b i n o s e  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

o t h e r  s u g a r s  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

c e l l o b i o s e  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

g l u c o s e  o l i g o m e r s  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

x y o lo s e  o l i g o m e r s  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

o t h e r  o l i g o m e r s  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

C S L  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           11         14 0      2 7 0     4 3 8     8 5 9     -       -      

( N H 4 ) 2 S O 4  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

N H 4  a c e t a t e  ( s s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

O t h e r s  ( s o l u b l e  s o l i d s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

A c e t i c  A c i d k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

S u l f u r i c  A c i d k g / h r 4 14    3 0 2   14 4    8 6 0   -       -       -       -       -       -       -           -      -      -      -      -      -       -      

F u r f u r a l k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

H M F k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

C a r b o n  D i o x i d e k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

M e t h a n e k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

O x y g e n k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

N i t r o g e n k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

A m m o n ia k g / h r -    -    -    -    3 11        3           5 0         4           7 1          4 4 0      -           -      -      -      -      -      -       -      

N H 4  O H k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

O t h e r s k g / h r -    -    -    -    -       -       4           -       -       4           3 9 1           -      -      -      -      -      7 9         -      

C e l l u l o s e  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

X y l a n  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

A r a b i n a n  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

O t h e r  S u g a r  P o l y m e r s  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

C e l l u l a s e  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

B i o m a s s  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

Z y m o .  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

L i g n i n  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

G y p s u m  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

C a ( O H ) 2  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       3 3 7     

O t h e r s  ( i s ) k g / h r -    -    -    -    -       -       -       -       -       -       -           -      -      -      -      -      -       -      

A v e r a g e  D e n s i t y g / m l 3 .10 2 3 .10 2 3 .10 2 3 .10 2 0 .6 10   0 .0 0 1   0 .0 0 1   0 .0 0 1   0 .0 0 1   0 .0 0 1   0 .6 8 8      0 .9 9 1  0 .9 9 1  0 .9 8 4 0 .9 8 4 0 .9 8 4 0 .8 8 8   2 .3 4 3 



 8 13  B F W  

 8 4 0  p urchased 

methane (kg) 

 8 0 4  

combus t ion  

air 

 8 15 LP 

s team out  

 t o t al LP 

(# / hr)  

 8 15A  LP steam 

fo r  deaera to r  

 2 15 LP p re t rea t -

ment 

 59 4  L P  

s t r ipper  co lumn 

 59 2  L P  

rec t i f i ca t ion  

 2 3 7 LP 

over l iming 

 59 6  L P  

mole s ieve 

 3 0 7A  LP  to  

hydro lys is  

warmer 

 2 16  HP 

pre t reat -ment  

 t o t al HP 

(# / hr)  

 8 2 1 bo i le r  

b l o w d o w n 

 8 10  

exhaust  to  

at m  

T o t a l  f l ow kg/hr 8 0 ,53 6    3 ,6 51                -              59 ,6 4 7      13 1,411      12 ,0 6 0             7,6 2 2               2 5,19 0              3 ,2 3 0               1,16 7                 2 2 9             10 ,14 9              18 ,19 1               4 0 ,0 77      2 ,6 9 9       -            

i nso lub le  so l ids % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

so lub le  so l i ds % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

t emp. o C 13 8           -                   -              170            170            170                    170                    170                    170                    170                    170              170                    19 8                   19 8            3 2 1            -            

p ressure at m 3 .4 0         -                   -              4 .4 2          4 .4 2          4 .4 2                 4 .4 2                 4 .4 2                 4 .4 2                 4 .4 2                 4 .4 2            4 .4 2                 14 .6 3                14 .6 3        112 .62       -            

v a p o r  f r a c t i o n -           -                   -              1.0 0           1.0 0           1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.0 0                  1.0 0             1.0 0                  1.0 0                  1.0 0           -            -            

et hano l kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

water kg/hr 8 0 ,53 6    -                   -              59 ,6 4 7      13 1,411      12 ,0 6 0             7,6 2 2               2 5,19 0              3 ,2 3 0               1,16 7                 2 2 9             10 ,14 9              18 ,19 1               4 0 ,0 77      2 ,6 9 9       -            

g lucose (ss) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

xy lose (ss) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

arab inose (ss) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

o t her  sugars (ss) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

ce l lob iose (ss) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

g lucose o l igomers  (ss ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

xyo lose  o l igomers  (ss ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

o t her o l i gomers  (ss ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

CSL (ss) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

( N H 4 ) 2 S O 4  ( s s ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

NH4 acetate  (ss) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Others  (so lub le  so l ids ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

A c et i c  Ac id kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Sul fur ic  Ac id kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Furfural kg /hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

HM F kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

C a r b o n  D i o x i d e kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

M et hane kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Oxygen kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

N i t r ogen kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Ammonia kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

N H 4  O H kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Others kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Cel lu lose ( is) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Xy lan ( is) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Arabinan ( is) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Other  Sugar  Polymers ( is ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Cel lulase ( is) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

B iomass ( i s ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Zymo.  ( is ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Lign in  ( is ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Gypsum ( is ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Ca(OH)2 ( i s ) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

Others ( is) kg/hr -           -                   -              -            -            -                   -                   -                   -                   -                   -              -                   -                   -            -            -            

A v erag e Dens i ty g /m l 0 .9 2 7       -                   -              0 .0 0 2       0 .0 0 2       0 .0 0 2               0 .0 0 2               0 .0 0 2               0 .0 0 2               0 .0 0 2               0 .0 0 2         0 .0 0 2               0 .0 0 5               0 .0 0 5        0 .6 6 5        -            



 5 9 3  r e c t i f i e r  

c o n d e n s a t e  

 5 9 5  s t r i p p i n g  

c o n d e n s a t e  

 5 9 7  m o l .  s i e v e  

c o n d e n s a t e  

 3 0 7 B  h y d r o l y s i s  

s t e a m  c o n d e n s a t e  

 8 11 B o i l e r  f e e d  

m a k e - u p  

 8 11A  

c o n d e n s a t e  

t a n k  

 8 2 4  c o nd e n s a t e  

d i r e c t  t o  

d e a e r a t o r  

 8 11B  

c o n d e n s a t e  

d r u m   8 13  B F W  

 8 15A  L P  s t e a m  

f o r  d e a e r a t o r  

 8 2 1 b o i l e r  

b l o w d o w n  t o  

W W T  

T o t a l  f l o w k g / h r 3 ,2 3 0               2 5,19 0              2 2 9                  10 ,14 9                  2 9 ,6 7 8             15,3 2 5              2 3 ,4 7 3                4 5,0 0 3             8 0 ,53 6             12 ,0 6 0             2 ,6 9 9               

i n s o l u b l e  s o l id s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

s o l u b l e  s o l id s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

t e m p . o C 14 8                   14 8                   14 8                   14 8                       2 0                     14 8                   14 8                       3 2                     13 8                   17 0                    3 2 1                   

p r e s s u r e a t m 4 .4 2                 4 .4 2                 4 .4 2                 4 .4 2                     3 .4 0                 4 .4 2                 4 .4 2                     4 .4 2                 3 .4 0                 4 .4 2                 112 .6 2              

v a p o r  f r a c t i o n -                   -                   -                   -                       -                   -                   -                       -                   -                   1.0 0                  -                   

e t h a n o l k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

w a t e r k g / h r 3 ,2 3 0               2 5,19 0              2 2 9                  10 ,14 9                  2 9 ,6 7 8             15,3 2 5              2 3 ,4 7 3                4 5,0 0 3             8 0 ,53 6             12 ,0 6 0             2 ,6 9 9               

g l u c o s e  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

x y l o s e  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

a r a b i n o s e  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

o t h e r  s u g a r s  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

c e l l o b io s e  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

g l u c o s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

x y o lo s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

o t h e r  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

C S L  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

( N H 4 ) 2 S O 4  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

N H 4  a c e t a t e  ( s s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

O t h e r s  ( s o l u b l e  s o l id s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

A c e t i c  A c i d k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

S u l f u r i c  A c i d k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

F u r f u r a l k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

H M F k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

C a r b o n  D i o x id e k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

M e t h a n e k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

O x y g en k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

N i t r o g e n k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

A m m o n i a k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

N H 4  O H k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

O t h e r s k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

C e l l u l o s e  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

X y l a n  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

A r a b i n a n  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

O t h e r  S u g a r  P o l y m e r s  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

C e l l u l a s e  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

B io m a s s  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

Z y m o .  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

L i g n i n  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

G y p s u m  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

C a ( O H ) 2  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

O t h e r s  ( i s ) k g / h r -                   -                   -                   -                       -                   -                   -                       -                   -                   -                   -                   

A v e r a g e  D e n s i t y g / m l 0 .8 6 5               0 .8 6 5               0 .8 6 5               0 .8 6 5                   0 .9 9 8               0 .9 4 6               0 .9 4 6                  0 .8 6 5               0 .9 2 7               0 .0 0 2               0 .6 6 5               





 9 4 0  t o  c o o l ing  

exchang ers   g p m  

 9 4 1 c o o l i n g  

t o w e r  m a k e - u p   g p m  

 9 4 2  w i nd a g e  

t o  at m   g p m   9 4 4  t o  W W T   g p m  

 9 4 5  f r o m  

c o o l i n g  

exchang ers  

 9 4 9  e v a p .  t o  

at m   g p m  

 9 50  ch i l l ed  

w at er  

 9 51 chi l led  

w at e r  f eed  

T o t al f lo w k g / h r 5,553 ,8 10         2 4 ,8 8 5             75,2 6 8             3 3 7                   4 ,4 2 2               2 0                     6 ,8 4 2               3 1                      5,553 ,8 10         6 4 ,0 0 4            2 8 7                   2 ,2 76 ,4 2 9       2 ,2 76 ,4 2 9       

inso l u b l e  s o l i d s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

s o l u b l e  s o l i d s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

t e m p . o C 3 7                     -                   2 8                     -                   2 8                     -                   2 8                     -                   2 8                     2 8                     -                   4                       8                       

p r e s s u r e at m 4 .0 8                 -                   1.0 0                  -                   1.0 0                  -                   1.0 0                  -                   4 .0 8                 0 .0 4                 -                   4 .0 8                 4 .0 8                 

v a p o r  f r a c t i o n -                   -                   -                   -                   -                   -                   -                   -                   -                   1.0 0                  -                   -                   -                   

et hano l k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

w at er k g / h r 5,553 ,8 10         -                   75,2 6 8             -                   4 ,4 2 2               -                   6 ,8 4 2               -                   5,553 ,8 10         6 4 ,0 0 4            -                   2 ,2 76 ,4 2 9       2 ,2 76 ,4 2 9       

g l u c o s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

x y l o s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

arab i n o s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

o t her  sug a rs  ( ss ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

ce l lo b i o s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

g l u c o s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

x y o l o s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

o t her o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

C S L  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

( N H 4 ) 2 S O 4  ( s s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

N H4  ace ta te  ( ss ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

O t h e r s  ( s o l u b l e  s o l i d s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

A ce t i c  A c id k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Su l fu r i c  A cid k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Fu r fu ra l k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

HM F k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

C a r b o n  D i o x i d e k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

M ethane k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

O x y g e n k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

N i t r o g e n k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

A m m o n i a k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

N H4  O H k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

O the rs k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

C el lulo s e  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

X y lan ( is ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

A rab inan  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

O t h e r  S u g a r  P o l y m e r s  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

C el lu lase ( is) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

B iomass  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Z y m o .  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

Lig n in  ( is ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

G y p s u m  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

C a ( O H ) 2  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

O t h e r s  ( i s ) k g / h r -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   

A v e r a g e  D e n s i t y g / m l -                   -                   0 .9 9 1                -                   -                   -                   -                   -                   -                   -                   -                   -                   -                   



 5 2 4  w e l l  w a t e r  

t o  s c r u b b e r  

 6 0 4  t o  m i x  

w i t h  r e c y c l e  

w a t e r  

 6 2 4  t r e a t e d  

w a s t e  w a t e r  

 8 11 B o i l e r  f e e d  

m a k e - u p   9 0 4  w e l l  w a t e r   g p m  

 9 0 5  p r o c e s s  

w a t e r  

 f e r m .  s e e d  

w a t e r  

 9 0 6  

s t e r i l i z a t i o n  

w a t e r  

 9 4 1 c o o l i n g  

t o w e r  m a k e - u p  

 9 4 3  w e l l  w a t e r  

t o  p r o c e s s  

w a t e r  

T o t a l  f l o w k g / h r 6 , 7 8 6               3 6 ,9 2 4            6 4 ,0 8 1             2 9 ,6 7 8             7 9 ,9 7 2             3 5 2    10 7 , 5 8 9            -                   2 8                     7 5 ,2 6 8             4 3 , 5 0 8             

i n s o l u b l e  s o l i d s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

s o l u b l e  s o l i d s % 0 .0 % 0 .0 % 0 .4 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

t e m p . o C 2 6                     2 0                     2 1                      2 0                     2 6                     -     2 4                     -                   2 0                     2 8                     2 8                     

p r e s s u r e a t m 1.0 0                  1.0 0                  1.0 0                  3 .4 0                 1.0 0                  -     1.0 0                  -                   1.0 0                  1.0 0                  1.0 0                  

v a p o r  f r a c t i o n -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

e t h a n o l k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

w a t e r k g / h r 6 , 7 8 6               3 6 ,9 2 4            6 3 ,8 10             2 9 ,6 7 8             7 9 ,9 7 2             -     10 7 , 3 18            -                   2 8                     7 5 ,2 6 8             4 3 , 5 0 8             

g l u c o s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

x y l o s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

a r a b i n o s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

o t h e r  s u g a r s  ( s s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

c e l l o b i o s e  ( s s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

g l u c o s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

x y o l o s e  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

o t h e r  o l i g o m e r s  ( s s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

C S L  ( s s ) k g / h r -                   -                   0                       -                   -                   -     0                       -                   -                   -                   -                   

( N H 4 ) 2 S O 4  ( s s ) k g / h r -                   -                   2 6 2                  -                   -                   -     2 6 2                  -                   -                   -                   -                   

N H 4  a c e t a t e  ( s s ) k g / h r -                   -                   0                       -                   -                   -     0                       -                   -                   -                   -                   

O t h e r s  ( s o l u b l e  s o l i d s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

A c e t i c  A c i d k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

S u l f u r i c  A c i d k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

F u r f u r a l k g / h r -                   -                   2                       -                   -                   -     2                       -                   -                   -                   -                   

H M F k g / h r -                   -                   0                       -                   -                   -     0                       -                   -                   -                   -                   

C a r b o n  D i o x i d e k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

M e t h a n e k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

O x y g e n k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

N i t r o g e n k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

A m m o n i a k g / h r -                   -                   0                       -                   -                   -     0                       -                   -                   -                   -                   

N H 4  O H k g / h r -                   -                   7                        -                   -                   -     7                        -                   -                   -                   -                   

O t h e r s k g / h r -                   -                   0                       -                   -                   -     0                       -                   -                   -                   -                   

C e l l u l o s e  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

X y l a n  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

A r a b i n a n  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

O t h e r  S u g a r  P o l y m e r s  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

C e l l u l a s e  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

B i o m a s s  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

Z y m o . ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

L i g n i n  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

G y p s u m  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

C a ( O H ) 2  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

O t h e r s  ( i s ) k g / h r -                   -                   -                   -                   -                   -     -                   -                   -                   -                   -                   

A v e r a g e  D e n s i t y g / m l 1.0 0 5                0 .9 9 8               0 .9 9 7               0 .9 9 8               0 .9 9 3               -     0 .9 9 4               -                   0 .9 9 8               0 .9 9 1                0 .9 9 1                




